Cardiac arrest secondary to pulmonary embolism is a devastating condition with a high mortality rate. It is currently unclear whether fibrinolysis (thrombolysis) is beneficial in this setting. We report the case of a 28-year-old woman with a pulmonary embolism who developed return of pulses following the administration of tissue plasminogen activator after 38 minutes of pulseless electrical activity cardiac arrest. She went on to make a full neurologic and cardiopulmonary recovery. This case is discussed with reference to the current literature on the subject.
Introduction
Cardiac arrest secondary to pulmonary embolism (PE) is a devastating condition with a high mortality rate. 1 The Advanced Cardiac Life Support (ACLS) guidelines consider PE a "potentially reversible" cause of cardiac arrest; 2 however, whether fibrinolysis (thrombolysis) in such situations is advocated while cardiopulmonary resuscitation (CPR) is ongoing, particularly when the diagnosis of PE is presumptive, is not clear.
We report the case of a 28-year-old woman who appeared to respond to tissue plasminogen activator (t-PA) given during CPR for the presumptive, and subsequently proven, diagnosis of PE. After 38 minutes of pulseless electrical activity (PEA) cardiac arrest, our patient developed return of spontaneous circulation (ROSC, defined as the return of a palpable pulse) shortly after t-PA was administered. She went on to make a full neurological and cardiopulmonary recovery. This case is discussed with reference to the current literature on the subject. A 28- year-old woman was transported to the emergency department (ED) 30 minutes after collapsing at work. On arrival she was pale and distressed with grunting respirations. She had a heart rate of 37 beats/min, a respiratory rate of 24 breaths/min, a blood pressure of 58/0 mm Hg, and a Glas-This article has been peer reviewed.
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gow Coma Scale (GCS) score of 11. Her peripheral perfusion was poor, and her oxygen saturation by pulse oximetry was 90% on 100% oxygen. Jugular venous distension was present, and auscultation revealed clear air entry bilaterally, normal heart sounds and no murmurs. Her abdomen was not tender or distended and she had no evidence of a deep vein thrombosis. Her pupils were 4 mm and reactive, and the remainder of the physical examination was unremarkable.
The patient's history was significant for an arthroscopic anterior cruciate ligament and meniscal repair of the left knee 2 weeks prior to presentation. She had been using crutches since the surgery, and her only medications were ibuprofen and naproxen. She had previously been on an oral contraceptive agent but had discontinued this 3 months prior to her surgery.
The bradycardia resolved, however, persisting hemodynamic instability and hypoxia mandated the decision to proceed with endotracheal intubation within minutes of the patient's arrival. Rapid sequence intubation was performed with intravenous (IV) etomidate (20 mg) and succinylcholine (120 mg). During intubation the patient's heart rate dropped to 35 beats/min and two 1-mg doses of IV atropine were administered. Endotracheal tube placement was confirmed by capnography, which showed an appropriate waveform and end tidal CO 2 level of 26 mm Hg.
Immediately following intubation the patient lost pulses (confirmed by multiple health care providers) and was found to be in narrow complex PEA at a rate of 150 beats/min. Cardiopulmonary resuscitation was commenced, and epinephrine 1 mg IV resulted in a transient ROSC with palpable pulses for 2 minutes. Pulseless electrical activity then returned, CPR was recommenced, and interventions following the ACLS guidelines for PEA were performed, including the administration of IV fluids, and repeated 1-mg doses of epinephrine every 3 to 5 minutes.
The two conditions considered to be most likely as a cause of the patient's presentation were ruptured ectopic pregnancy (or similar intra-abdominal catastrophe) or massive PE. Stat requests were made for a transthoracic echocardiogram and an abdominal ultrasound. During these investigations, the patient remained in narrow complex PEA at a rate of 150 beats/min and CPR was continued. A chest radiograph was unremarkable, and an arterial blood gas showed the following: pH 6.95; PCO 2 37; PO 2 337; and bicarbonate 8. A urine pregnancy test was negative. The abdominal ultrasound was limited, but showed no evidence of free intraperitoneal fluid. The transthoracic echocardiogram showed an enlarged right ventricle with severe hypokinesis, paradoxical motion of the interventricular septum, severe tricuspid regurgitation and poor left ventricular function ( Fig. 1 ).
At this point, it was felt that the patient almost certainly had a massive PE. The decision was made to proceed with fibrinolysis while CPR was ongoing. Thus, 29 minutes after the patient's arrival in the ED and 22 minutes after CPR was started for PEA, IV t-PA was commenced. Initially, a 15-mg bolus was administered following the standard acute myocardial infarction protocol (a 15-mg bolus followed by 2 infusions over a period of 90 minutes). This protocol was subsequently altered, and a further 85 mg was infused over 1 hour. A norepinephrine infusion was also initiated shortly after the t-PA was commenced.
Sixteen minutes after the t-PA bolus, and 38 minutes after the onset of continuous CPR, ROSC occurred. Initial vital signs were blood pressure 108/63 mm Hg, heart rate 140 beats/min and oxygen saturation by pulse oximetry 99%. During the cardiac arrest, the patient had received 40 mg of t-PA, 10 mg of epinephrine, 1 gm of 10% calcium chloride and 50 mEq of sodium bicarbonate, all IV. An ECG after ROSC occurred revealed sinus tachycardia, prominent S waves in lead I, and inverted T waves in lead III (Fig. 2) . The patient was subsequently transferred to the intensive care unit on a unfractionated heparin infusion.
Less than 24 hours after intensive care unit admission, the patient was extubated. A spiral CT of the chest showed bilateral pulmonary emboli with an infarcted right lung base. A compression ultrasound showed an extensive deep vein thrombosis of the left (post-operative) leg. Four days later a transthoracic echocardiogram showed trivial tricuspid regurgitation, normal biventricular function and normal pulmonary artery pressures ( Fig. 3 ). An abdominal CT showed a hepatic hematoma, however the unfractionated heparin was continued. The patient then developed heparin-induced thrombocytopenia necessitating substitution of danaproid for anticoagulation.
The patient was discharged from hospital on oral warfarin 19 days after presentation, and subsequent hematologic investigations revealed the presence of a prothrombin gene mutation predisposing to thrombosis. At the time of discharge, the patient had normal cardiopulmonary function and no functional or cognitive neurologic deficits.
Discussion
Pulmonary embolism is reported to cause 200 000 deaths annually in the United States, one-third of which occur in the first hour from symptom onset. 3 Historically, PE significant enough to cause hemodynamic instability was treated with surgical embolectomy. Fibrinolytic agents are now increasingly advocated as first-line therapy for such situations, 1,4 particularly when evidence of right ventricular dysfunction is present. 5 Although prospective randomized trials on fibrinolysis in unstable PE have been lacking, this therapy has become more common because it has been shown to have an early effect on right ventricular function and pulmonary perfusion. 6 Recently, a randomized double-blind trial of heparin and t-PA versus heparin and placebo for patients with acute submassive PE was published with an accompanying editorial. 7, 8 This study concluded that t-PA, in conjunction with he-parin, can improve the clinical course of patients with echocardiographic evidence of right ventricular dsyfunction and normal systemic blood pressure, and prevent deterioration requiring treatment escalation during the hospital stay. Although cardiac arrest from PE can present with any rhythm, it is clear that PEA is most highly associated with this condition. 9, 10 Pulseless electrical activity comprises 20% of cardiac arrests and has a survival-to-hospital discharge rate of approximately 4%. 11 Most PEA survivors re-January • janvier 2003; 5 (1) CJEM • JCMU 51 spond to initial interventions early during resuscitative efforts, 11, 12 and, although poorly studied, this dismal outcome might not be consistent across all subgroups, particularly patients with PE. PEA is unique among cardiac arrest rhythms in that forward blood flow can occur. [13] [14] [15] This has prompted heightened vigilance for reversible causes when treating sustained PEA. 16 The possibility of low-grade cerebral and coronary perfusion during PEA supports the concept that a good outcome can result even with prolonged cardiac arrest if such a cause is addressed.
There are no validated criteria to guide physicians in selecting a subgroup of cardiac arrest patients likely to have a PE, although it seems intuitive that limb immobilization or recent surgery (both of which our patient had), or a known pulmonary embolism or deep vein thrombosis, would define a high-risk group. Bedside imaging, in centres such as ours where it is available, may also be helpful. Although the role of abdominal ultrasound in cardiac arrest is undefined, it again seems intuitive that lack of ultrasound evidence of intra-abdominal bleeding, in a patient for whom this is considered a potential etiology, would provide increased support for the diagnosis of PE. A number of case reports have suggested that echocardiography during cardiac arrest can be helpful in establishing the diagnosis of PE, 5 and the results of this investigation along with an abdominal ultrasound influenced the decision to administer t-PA to our patient.
In 1989, a case report was published in the Annals of Emergency Medicine describing the administration of t-PA during cardiac arrest for presumed, and subsequently proven, PE. 17 This case was remarkably similar to the one we present in that it described a 33-year-old woman who collapsed 1 week after an abdominal hysterectomy, had 30 minutes of PEA, developed ROSC shortly after receiving t-PA, and went on to make a full neurologic recovery. A number of similar cases have been reported, many in European journals. [18] [19] [20] [21] [22] [23] Our case adds to this literature and is the first such report from a Canadian centre. A review in 2000 summarized 9 papers describing 67 patients treated with fibrinolytic agents during cardiac arrest. 24 The majority of patients had known or suspected PE and the overall survival was 75%. Only 3 survivors had documented neurologic sequelae, despite an overall mean arrest duration of 51 minutes.
The evidence cited above for the use of fibrinolysis in PEinduced cardiac arrest is weak, and predominantly in the form of case reports. Collectively, however, this literature presents a compelling argument for a potential beneficial effect from such therapy, and certainly supports the concept that complete recovery can result despite prolonged PEA. Unfortunately, it is impossible to know how many times this therapy has been administered unsuccessfully and what im-pact "reporting bias" plays in the predominately positive published cases. We suspect many emergency physicians have, on occasion, administered a fibrinolytic agent while CPR was ongoing and not reported the outcomes.
To date there have been no rigorous studies of fibrinolysis during cardiac arrest known, or highly suspected, to be induced by PE. Two methodologically weak studies have suggested a benefit from t-PA in a general cardiac arrest population, 25, 26 however, the only randomized controlled trial of such an approach was negative. 27 In this recently published Canadian trial, the "t-PA in PEA Study," 233 undifferentiated cardiac arrest patients in Greater Vancouver (those whose arrest etiology was unknown or presumed to be cardiovascular) with at least 1 minute of PEA were randomized to receive double-blind t-PA (100 mg) or placebo as a 15-minute infusion while CPR was ongoing, followed by at least 15 further minutes of resuscitative efforts. This study found no evidence of an increased rate of ROSC from t-PA and had one survivor to discharge in the t-PA arm (0.9%) and none in the placebo arm (p = 0.99). The 95% confidence intervals excluded a t-PA-related increase in survival-to-hospital discharge of over 4.8%.
The challenge emergency physicians face when confronted with a patient in whom the diagnosis of PE-induced cardiac arrest is certain or highly suspected, such as in the case we present, is that it is unclear from the literature whether fibrinolytic administration may be beneficial. For a study to answer this question, it would have to be multicentre and either enroll an extremely large sample or utilize a modality, such as transthoracic or transesophageal echocardiography 13, 14 or a decision rule 10 to enroll a population with a high probability of PE. It is clear from the "t-PA in PEA Study" that there is minimal, if any, benefit from t-PA in an undifferentiated PEA population. 27 However, the authors of this study concluded that it remains unknown whether a lesser, clinically relevant, treatment effect exists or whether selected subgroups might benefit from this therapy -in particular, those with known or suspected PE or myocardial infarction who meet criteria for a fibrinolytic agent. 28 A clinical trial is currently ongoing in Europe that may shed further light on this issue. 29, 30 If a fibrinolytic is administered, it is also unknown what agent and what administration protocol to use because the pharmacokinetics of these drugs in cardiac arrest are poorly understood. An argument can be made for using t-PA in such a situation, and many of the reported cases have used this drug; however, newer agents deliverable by bolus may be preferable. The suggested dose of t-PA for unstable PE is 100 mg over 2 hours, 1, 4 however, in the arrest situation a more rapid administration, such as the 15-minute infusion used in the "t-PA in PEA Study," would seem warranted.
Conclusions
This case provides further suggestive evidence that fibrinolysis may benefit selected patients with PE-induced cardiac arrest. Given the limitations of the current literature, both in facilitating the selection of arrested patients likely to have a PE and in addressing the question of fibrinolytic efficacy, either administering or not administering a fibrinolytic are reasonable actions to take in such a situation.
Our own approach would be to err on the side of treatment in patients who are known or highly suspected to have PE-induced cardiac arrest, particularly if other encouraging signs are present such as narrow QRS complexes, significant levels of end-tidal CO 2 , evidence of forward blood flow by Doppler or invasive monitoring, or evidence of cardiac activity by echocardiography.
